This study presents the proximate and mineral composition analysis of Moringa oleifera and Moringa stenopetala leaves collected from two different agro-ecological zones namely Arbaminch Zuria and Konso in Southern Nation Nationalities and Peoples Region (SNNPR), Ethiopia. M. oleifera and M. stenopetala leaves were collected using random sampling method from four sampling sites namely Secha, Karat, Sikela, Gato. Before the samples were analyzed, parameters such as temperature, volume of reagents and time until complete digestion were systematically optimized. 
INTRODUCTION
In Africa, many studies have indicated that a vast number of indigenous wild plants play a significant role in the diet of the population (Muhammad et al., 2011) . Vegetables are the cheapest and the most available sources of important nutrients, supplying the body with minerals, salts, vitamins and certain hormone precursors, protein, energy and essential amino acids (Amaechi, 2009) .
M. oleifera and M. stenopetala are the two most common species among the 13 species of the Moringa family. M. oleifera originates from the Himalaya and M. stenopetala is endemic to East Africa (Bosch, 2004) . All parts of the tree except the wood are edible, providing a highly nutritious food for both humans and animals. M. stenopetala is one of the most frequently cultivated indigenous species for its palatable leaves in the semiarid areas of Konso, Derashe and Arbaminch Zuria districts of the Southern Rift Valley of Ethiopia and locally called as "Haleko" or "Shiferaw". It is also cultivated from the lower Omo Valley to the North and in the neighboring regions of South Omo, Gamo-Gofa and Borena (Grubben and Denton, 2004) .
Moringa is a multi-purpose miracle tree with tremendous potential uses such as food for human beings, feed for livestock, dye, perfume, skin lotion, lubricant and water purification (Agena, 2009 ). The Moringa leaves are nutritionally rich and an excellent source of concentrated proteins, vitamins and minerals (Armelle and Melanie, 2010) . It has also potential medicinal uses such as: the root bark is being used to kill different kinds of intestinal worms, increases food appetite, protect abdominal constipation, cure for different kinds of respiratory diseases such as bronchitis and influenza and the stem bark is being used to treat eye diseases, intestinal worms, and to decrease or neutralize the venom power of snake, bee and scorpion (Grubben and Denton, 2004) .
A recent study conducted by Melesse et al. (2009) indicated that the leaves of Moringa stenopetala are rich in protein (28.2%) and contain reasonable amounts of essential amino acids of which some are comparable with those found in soybean meal. It is a multipurpose tree that is cultivated both for human food and animal feed in Southern Ethiopia. Moringa leaves have been consumed by Asian people for millennia as a healthy food product. Studies from other countries indicate that the leaves have immense nutritional value such as phytochemicals, vitamins, minerals, and amino acids (Busani et al., 2011) . As such, the leaves have been used to combat malnutrition, especially among infants and nursing mothers. The Romans, Greeks, and Egyptians extracted edible oil from the seeds and used it for perfume and as a skin lotion. People in the Indian subcontinent have long used Moringa pods for food. The edible leaves are eaten throughout East Africa and parts of Asia. Moringa leaves are edible and are of high nutritive value (Tetteh, 2008) . It has been reported that M. oleifera leaves product, especially leaf powder, is becoming increasingly popular in Ethiopia because of its outstanding indigenous nutritive and medicinal value. The leaves are also free of antiMikore and Mulugeta 809 nutritive factors such as phenols, tannins, and saponins (Ijarotimi et al., 2013) . In many developing countries, the supply of minerals is inadequate to meet the mineral requirements of farm animals and rapidly growing population. Mineral composition of a plant plays significant role its nutritional, medicinal and therapeutic values (Al-Kharusi et al., 2009) .
M. oleifera contains several elements which are the basic building block of matter. Some of the elements are calcium, magnesium, potassium, sodium and the minor elements are iron, zinc, copper and manganese (Melesse and Berihun, 2013) . However, complete information on the nutritional compositions of main edible parts of both Moringa species, that is, leaves cultivated in different agro-ecological zones of southern Ethiopia is still scarce. Therefore, the objectives of this study are: (1) to investigate the effect of agro-ecological variations in nutritional levels of leaves in Moringa species (2) to assess the nutritional levels of leaves in the two Moringa species in comparison with similar studies (3) to compare the proximate compositions in the leaves powder of M. oleifera and M. stenopetala grown in two different agroecological zones (4) to optimize the sample digestion method for both leaf and soil samples; and (5) to investigate and compare the elemental compositions of leaves powder of M. oleifera and M. stenopetala and the supporting soils in two different agro-ecologic zones..
MATERIALS AND METHODS

Description of the study area
The study was conducted in Arbaminch Zuria and Konso districts of SNNPR, Ethiopia. Arbaminch Zuria district is located at 6° 01'59" N and 37° 32'59" E, altitude of 1269 m.a.s.l and 505 km away from the capital city, Addis Ababa. Konso district is located at 5°15'00" N and 37°28'59" E and altitude of 1031 m.a.s.l. It is 536 Km far from Addis Ababa. Four sampling sub-sites (that is, two from each district) were selected, namely Secha and Sikela from Arbaminch Zuria and Karat and Gato from Konso district.
Chemicals and reagents
All chemicals and reagents were of analytical reagent grade and obtained from Ambo University Chemistry Laboratory. Acid washed glassware and deionized water were used throughout the analysis.
Sampling protocol
Leaf samples
Samples of fresh Moringa leaves were collected from matured M. oleifera from Secha and Karat and M. stenopetala from Sikela and *Corresponding author. E-mail: eyoya2004@yahoo.com. Tel: +251911488053.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License Gato sub-sites. Each sample was collected randomly from ten trees in each sampling sub-sites. About 500 g of the samples were collected from each agro-ecological zone and was placed in polyethylene plastic bags, labeled and transported to the laboratory for further treatment.
Soil samples
Soil samples were collected from the surface soil layers with a depth of about 0 to 15 cm at the point where Moringa leaves plugged. About 500 g of soil samples were collected from each subsite into polyethylene plastic bags, labeled and transported to the laboratory for further treatment.
Sample preparation
Leaf samples
The leaves were washed with deionized water to remove dust materials and air dried in shade for two weeks to ensure their greenish coloration and maintain nutritional values. The dried leaves were milled and sieved with 0.5 mm sieve. The powders were packaged into polyethylene bags, labeled and stored at room temperature (24  3 o C) prior to analysis.
Soil samples
The samples were air dried to constant weight for two weeks, grinded using mortar and pestle, sieved through a 0.5 mm stainless steel sieve and labeled. Finally, 0.5 g aliquot was taken from each sample for digestion.
Proximate composition analysis
Moisture content, total ash content, crude lipid content, and crude protein content were determined using AOAC methods as determined from (AOAC, 1990) and (AOAC, 2000) using AOAC 900.02A and AOAC 978.04 methods.
Moisture content
Moisture content was determined on dry basis. From each site, 2 g of Moringa leaf samples were weighed in triplicates and placed in an oven (Tianjin Taisite instrument, 101-0, China) at 105 o C for 3 h. The samples were removed and cooled in desiccators. Then the dried samples were reweighed. The percentage moisture was calculated as follows: 1 W 1 = Weight of air dried leaves; W 2 = weight of oven dried leaves.
Total ash content
Total ash content was determined using AOAC 900.02A method as described in (AOAC, 1990) . About 2.0 g of leaf samples from each site were weighed in triplicates. Dried and powdered samples were incinerated in a muffle furnace at 550°C for 4 h, cooled in desiccators and weighed until the weight is constant.
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Crude fiber content
After introducing 2.0 g sample into the extraction unit, 150 mL of hot 0.2N H 2 SO 4 was added and digested for 30 min. Then, the acid was drained and the sample was washed with hot deionized water for 1 h. The crucible was removed and oven dried overnight at 105°C, cooled, weighed, and heated at 550°C in a muffle furnace overnight and reweighed after cooling. Percentage extracted fiber was calculated as: 3
Crude lipids content
The lipid content was determined as the weight change recorded after exhaustively extracting a food substance with a non-polar solvent using Soxhlet method and petroleum ether according to AOAC 945.16 method as described in (AOAC, 1990) . The solute was separated from the solvent by evaporation of the solvent leaving the extracted lipid. Weight of the solvent flask with lipid was taken. In the present study, 2.0 g of leaf samples from each site were weighed in triplicates. The Soxhlet apparatus was set-up and the samples were extracted with 200 mL of petroleum ether for 6 h. The solvent free fat in the flux was dried in an oven for an hour at 105°C, cooled in desiccators and reweighed until the weight is constant.
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Crude protein content
Crude protein was determined using AOAC 978.04 method as described in (AOAC, 2000) . It is a micro Kjeldahl method. In the present study, about 2.0 g of leaf samples from each site were weighed in triplicates. Then, 10 mL of concentrated H 2 SO 4 , a mixture of 2.5 g of CuSO 4 , K 2 SO 4 and TiO 2 were added into each sample and digested in a Kjeldahl digestion flask (KDN-20C, China) at 380°C for 6 h until the mixture was clear. The digest was filtered into 500 mL volumetric flask and made up to mark with 100 mL deionized water and connected for distillation. Ammonia was steam distilled for an hour to which had been added 20 mL of 40% NaOH solution. Two hundred milliliters of the distillate was collected in 250 mL conical flask containing 20 mL of 0.2N H 2 SO 4 and methyl red indicator.
The ammonia that distilled into the receiving conical flask was reacted with 0.2 N H 2 SO 4 and the excess acid in the flask was estimated by back titration against 20 mL of 0.1 N NaOH with color change from red to yellow. A blank distilled was collected in 250 mL conical flask containing 20 mL of 0.2N H 2 SO 4 and methyl red indicator. The distillate was titrated against 20 mL of 0.1 N NaOH. Total nitrogen in the sample was calculated using colorimetric methods (Nielson, 2010) . Crude protein content was obtained by multiplying the nitrogen content using factor 6.25, that is, N × 6.25 (James, 1995) .
Carbohydrate
The carbohydrate content was determined by difference, that is, addition of all the percentages of moisture, ash, crude lipid, crude protein, and crude fiber was subtracted from 100%. This gave the amount of nitrogen-free extract otherwise known as carbohydrate (Mahan et al., 2016) . 
Energy value
The sample energy value was estimated (in kcal/g) by multiplying the percentages of crude protein, crude lipid, and carbohydrate with the recommended factors (2.44, 8.37, and 3.57 respectively) as proposed by Martin and Coolidge (1978) .
Determination of soil pH
A pH glass electrode (Elmetron ® EPSI-1, Poland) was used to determine the soil pH. Soil pH was measured in soil-water slurry. The determination of the soil pH is a three-step procedure: First the soil-water slurry in the ratio 1:5 was prepared. Air dried soil of 10 g was taken in a beaker and 50 mL of water was added. The mixture was stirred with glass rod for 15 min, and allowed to stand for 30 min. Secondly, the pH meter was calibrated with a buffer solutions of pH of 4.0, 7.0 and 9.0. Finally, the electrode was immersed into soil-water slurry and the pH was recorded.
Optimization of sample digestion
Sample digestion was carried out using wet digestion with a reflux condenser for both leaf and soil samples. The reagents used were mixture of nitric acid, perchloric acid and hydrogen peroxide. Before the samples were digested for analysis the parameters such as temperature, volume of reagents and time for complete digestion were carefully optimized. The optimum condition is one that meets: Minimum reagent volume, temperature, and digestion time to produce a clear and colorless digested solution.
Wet digestion method
Approximately 0.5 g of each of sample leaves was weighed in triplicate. Two milliliters of concentrated HNO 3 , 1 mL of concentrated HClO 4 and 1 mL of H 2 O 2 , added to leaf samples and digested at a temperature of 210°C for 2 h. Similarly for soil samples, 6 mL of concentrated HNO 3, 1 mL of concentrated HClO 4 and 0.5 mL of H 2 O 2 were added and digested at a temperature of 230°C for 2.5 h.
Determination of minerals
Flame atomic emission spectrophotometer (FAES, ELICO-CL-378, India) was used for analysis of K and Na. Working standard solutions of Mn, Fe, Zn and Cu were prepared from stock standard solution (1000 ppm) and absorbance was noted from standard solution of each element using flame atomic absorption spectrophotometer (FAAS, Model 210-VGP, USA). The concentrations of Ca and Mg were determined by back titration against MgCl 2 ·6H 2 O and CaCl 2 ·2H 2 O.
Statistical analysis
Each experimental analysis was done in triplicate. Data obtained from experiments were analyzed by one way ANOVA (Analysis of Variance) using SPSS version 17. Significance was accepted at 0.05 level of probability (p < 0.05). The analysis was used to compare the proximate and elemental composition of leaf samples of Moringa species as well as mineral composition of soil collected from two different agro-ecological zones.
RESULTS AND DISCUSSION
Proximate composition
M. oleifera leaves powder from Secha and Karat
The proximate compositions of M. oleifera and M. stenopetala leaves powder are presented in Table 1 . As indicated in Table 1 , the average moisture content range between 6.88 and 6.60% in Moringa oleifera leaves powder. The higher moisture content was recorded for the Secha M. oleifera leaf samples (6.88%) and the lower moisture content for Karat (6.60%). There was no significant difference in moisture contents of Moringa oleifera leaf samples (P > 0.05) from the two agroecological zones. The moisture content (6.88%) which was recorded from Secha M. oleifera was slightly higher than that of similar researches with moisture content values of 3.21% (Anthonia, 2012) . Other studies have reported variable moisture contents ranging between 9.53 and 11.76% which was relatively higher than this study (Ogbe and John, 2011; Busani et al., 2011) .
The total ash content ranged between 15.30 and 15.60%. The higher ash content was recorded for the Karat M. oleifera leaves powder (15.60%) and the lower ash content for the Secha M. oleifera leaves (15.30%). There was no significant difference in ash contents of M. oleifera leaf samples (P > 0.05) from the two agroecological zones. The ash content (15.60%), which was recorded from Karat M. oleifera leaves powder, was comparatively higher when compared to values obtained from similar research with ash content values of 7.13 and 10.6%, respectively (Onu and Aniebo, 2011; Busani et al., 2011) . Thus, the result indicated that M. oleifera leaves collected from the two agro-ecological zones were rich in mineral elements.
Crude fiber of the M. oleifera leaves powder ranged from 5.51 to 6.13%. Higher crude fiber (6.13%) was recorded from Karat site and lower 5.51% was recorded from Secha site. There was no significant difference in crude fiber content of M. oleifera leaf samples (P > 0.05) from the two agro-ecological zones. The fiber content of M. oleifera leaves powder was quite low when compared with similar data reported by Ijarotimi et al. (2013) . Dietary fiber, the indigestible cell wall component of plant materials, plays an important role in human health (Wani et al., 2014) . Epidemiological studies have shown that high dietary fiber intake helps to prevent or treat hyperlipidemia, cardiovascular disease, hypertension, obesity, certain cancers, gastrointestinal disorders and diabetes (Ijarotimi et al., 2013) .
The crude lipid content of M. oleifera leaves powder from Secha and Karat was 7.11 and 7.35%, respectively. The higher lipid content was recorded for the Karat M. oleifera leaf samples (7.35%) and the lower lipid content for the Secha leaf samples (7.11%). There was no significant difference in crude lipid contents of M. oleifera leaf samples (P > 0.05) from the two agro-ecological zones. The crude lipid (7.35%), which was recorded from Karat M. oleifera leaf samples, was comparatively higher compared to values obtained in similar research with crude lipid content values of 6.73% (Melesse et al., 2011) .
The crude protein contents from the Secha and Karat M. oleifera leaves powder were 24.80 and 24.30%, respectively. The higher crude protein content was recorded for the Secha M. oleifera leaf samples (24.80%) and the lower crude protein content for the Karat leaf samples (24.30%). There was no significant difference in crude protein contents of M. oleifera leaf samples (P > 0.05) from the two agro-ecological zones. The results indicated that M. oleifera leaves from the Secha contained appreciable amount of crude protein content (24.80%) and was comparatively higher than that of similar studies (Sanchez et al., 2006) for the same Moringa species (22.8%). Other studies have reported variable protein contents ranging between 16 and 40% (Shad et al., 2016; Sanchez-Machado et al., 2010) . This level of crude protein content is of particular nutritional significance as it may meet animal's protein and energy requirements and boost the immune system against disease (Melesse et al., 2012) .
M. stenopetala leaves powder from Sikela and Gato
As indicated in Table1, the moisture contents of M. stenopetala leaves powder ranges between 7.92 and 7.73%. The result of the study indicated that dried Moringa stenopetala leaves from the Sikela contained higher moisture content (7.92%) and the lower moisture content was recorded from Gato leaf samples (7.73%). There was no significant difference in moisture contents of M. stenopetala leave samples (P > 0.05) from the two agro-ecological zones.
The total ash contents of M. stenopetala leaves powder ranges between 14.90 and 14.10%. The higher ash content was recorded from Sikela M. stenopetala leaf samples (14.90%) and the lower ash content from Gato leaf samples (14.10%). There was no significant difference in ash contents of M. stenopetala leaf samples (P > 0.05) from the two ecological zones. High ash content of (14.90%) from the Sikela M. stenopetala leaves powder in this study was comparable with that of similar study (Melesse et al., 2011) for the same Moringa species was found to be 14.80%.
Crude fiber of the M. stenopetala leaves powder ranged from 5.03 to 5.87%. Higher crude fiber (5.87%) was recorded from Gato site and lower 5.03% was recorded from Sikela site. There was no significant difference in ash contents of M. stenopetala leaf samples (P > 0.05) from the two agro-ecological zones. The fiber content of M. stenopetala leaves powder was quite low when compared with similar data reported by Ijarotimi et al. (2013) .
The crude lipid contents for M. stenopetala leaves powder ranges between 3.65 and 4.29%. The higher crude lipid content was recorded for the Gato M. stenopetala leaf samples (4.29%) and the lower crude lipid content for the Sikela leaf samples (3.65%). There was no significant difference in crude lipid contents of M. stenopetala leaf samples (P > 0.05) from the two ecological zones. The average crude lipid content in M. stenopetala leaf samples from the Gato (4.29%) was comparatively higher than that of related study (Melesse et al., 2011) for the same Moringa species found (3.36%).
The crude protein content of M. stenopetala leaves powder ranges between 27.30 and 30.20%. The higher crude protein content was recorded for the Gato M. stenopetala leaf samples (30.20%) and the lower crude protein content for the Sikela leaf samples (27.30%). There was no significant difference in crude protein contents of M. stenopetala leaf samples (P < 0.05) from the two agro-ecological zones. The average crude protein content in M. stenopetala leaf samples from the Gato (30.20%) was comparatively higher than that of similar study (Melesse et al., 2011) for the same Moringa species found 26.6%.
All in all, there was no as such significant difference in nutritional composition of the two Moringa species grown in the two agro-ecological zones; this might be due to the lesser effect of variation in agro-ecological zones on compositions of nutrition of Moringa species. Therefore, other factors such as age, maturity of Moringa trees, soil conditions and so on might plays a major role in variation of nutritional as well as mineral composition of the species.
In addition, the proximate compositions of the two species have shown increment in their levels as compared with similar studies; in particular, the moisture content of the leaves was relatively lower and depicted higher values for the rest of proximate compositions (ash content, crude lipid, and crude fiber) in an indirect relationship as it decreases.
M. oleifera and M. stenopetala leaves powder from Secha and Sikela
As indicated in Table 1 , the moisture contents of M. oleifera leaves powder from Secha was 6.88% and M. stenopetala leaves from the Sikela contained moisture content of 7.92%. Higher moisture content was recorded for the Sikela M. stenopetala leaf samples (7.92%). There was no significant difference in moisture contents of the two species (P > 0.05) with in the same agro-ecological zones.
The total ash contents of M. oleifera leave powder from Secha 15.30%. The lower ash content was recorded for the Sikela M. stenopetala leaf sample (14.90%). There was no significant difference in ash contents of the two leaf samples (P > 0.05) with in the same agro-ecological zones. High ash content of (15.30%) from the Secha M. oleifera leaves powder in this study was comparatively higher when compared to related study for the same Moringa species (13.20%). However, the ash content of M. stenopetala leaves from the Sikela was comparable for the same Moringa species which was found to be 14.60% (Melesse et al., 2012) .
The crude fiber contents of M. oleifera leave powder from Secha 5.51%. The crude fiber content was recorded for the Sikela M. stenopetala leaf samples (5.03%). There was no significant difference in crude fiber contents of the two leaf samples (P > 0.05) with in the same agroecological zones.
The crude lipid contents for M. oleifera leaves powder from the Secha was 7.11% and the lower crude lipid content was recorded for the Sikela M. stenopetala leaf samples (3.65%). There was significant difference in crude lipid contents of the two species (P < 0.05) with in the same agro-ecological zones. The average crude lipid content in M. oleifera leaf samples from the Secha (7.11%) was comparatively lower compared to similar study for the same Moringa species found (10.40%). However, the crude lipid content of M. stenopetala leaves from the Sikela (3.65%) was comparatively lower than that of similar study for the same Moringa species was found to be 10.70% (Melesse et al., 2012) .
The crude protein content of M. oleifera leaves powder from the Secha was 24.80%. The higher crude protein content was recorded for the Sikela M. stenopetala leaves sample (27.30%). There was no significant difference in crude protein contents of the two species (P > 0.05) with in the same agro-ecological zones. The average crude protein content in M. oleifera leaf samples Mikore and Mulugeta 813 from the Secha (24.80%) was comparatively lower than the related study for the same Moringa species found 29.0% (Melesse et al., 2012) .
M. oleifera and M. stenopetala leaves powder from Karat and Gato
As indicated in Table 1 , the moisture content for the Karat M. oleifera leaf samples were (6.60%) and M. stenopetala leaves from the Gato contained moisture content of (7.73%). Higher moisture content was recorded from Gato M. stenopetala leaf samples (7.73%).
There was no significant difference in moisture contents of the two species (P > 0.05) with in the same agroecological zones.
The total ash contents of M. oleifera leaves powder from the Karat was 15.60%. The lower ash content was recorded from Gato M. stenopetala leaf samples (14.10%). There was significant difference in ash contents of the two species (P < 0.05) with in the same agro-ecological zones. High ash content of (15.60%) from the Karat M. oleifera leaves powder in this study was comparatively higher than that of for the same Moringa species was found to be 13.20%. However, the ash content of M. stenopetala leaves from the Gato (14.10%) was comparable from similar study for the same Moringa species was found to be 14.60% (Melesse et al., 2012) .
The crude fiber contents of M. oleifera leaves powder from Karat was 6.13%. The lower crude fiber content was recorded from Gato M. stenopetala leaf samples (5.87%). There was no significant difference in crude fiber contents of the two leaf samples (P > 0.05) with in the same agro-ecological zones.
The crude lipid contents for M. oleifera leaves powder from the Karat was 7.35%. Lower crude lipid content was recorded for the Gato M. stenopetala leaf samples (4.29%). There was significant difference in crude lipid contents of the two species (P < 0.05) with in the same agro-ecological zones. The average crude lipid content in M. oleifera leaf samples from the Karat (7.35%) was comparatively lower than that of related study for the same Moringa species found (10.4%). However, the crude lipid content of M. stenopetala leaves from the Gato (14.10%) was comparable to similar study for the same Moringa species was found to be 14.60% (Melesse et al., 2012) .
The crude protein content of M. oleifera leaves powder from the Karat was 24.30%. Higher crude protein content was recorded for the Gato M. stenopetala leaf samples (30.20%). There was significant difference in crude protein contents of the two species (P < 0.05) with in the same agro-ecological zones. The average crude protein content in M. oleifera leaf samples from the Karat (24.30%) was comparatively lower than related study for the same Moringa species found (29.0%). However, the crude protein content of M. stenopetala leaves from the Gato (30.20%) was comparatively higher than that of related study for the same Moringa species was found to be 28.0% (Melesse et al., 2012) . The variations in ash, crude lipid and protein contents of the reported values may be due to different ages of trees, and possibly due to different stages of maturity (Yang et al., 2006) .
Carbohydrate and energy values
The calculated carbohydrate and energy values for M. oleifera and M. stenopetala leaves powder collected from the four sub-sites were reported in Table 2 . The %carbohydrate of Moringa species from Sikela, Secha, Karat and Gato were calculated using Equation 5 and found to be 40.4, 41.2, 40.0 and 37.8, respectively. There was no significant difference in %carbohydrate of M. stenopetala and M. oleifera leave samples (P > 0.05) from the two agro-ecological zones. The energy value (kcal/g) of Moringa leaves were also calculated as 264.3 (Secha), 244.2 (Sikela), 263.7 (Karat) and 244.6 (Gato). The result of energy value calculated for both Moringa species were found to be lower than related studies (Melesse et al., 2011) .
Elemental compositions of Moringa species
Metal levels in the M. oliefera leaf samples from Secha and Karat
As shown in Table 3 , the mean potassium concentration in the M. oliefera leaves samples were 12160 and 9570 mg/kg for Secha and Karat, respectively. There were significant differences at (P <0.05) among the mean concentrations of K metal in the leaf samples. These differences could probably be the result of plant nutrition, climate and soil conditions (Hamurcu et al., 2010) .
The sodium concentration of the M. oliefera leaf samples analyzed (Table 3) were 1296 and 1287 mg /kg for Secha and Karat, respectively. F-test showed that there were no significant differences (P >0.05) among the mean concentrations of Na metal in the leaf samples.
Magnesium concentrations were found to be 4370 and 4273.3 mg/kg in the Secha and Karat leaf samples, respectively (Table 3) , which was greater than the leaf samples of the Karat site. The concentrations of Mg were not significantly different (P>0.05) in the leaf samples.
The average concentrations of calcium in the M. oliefera leaf samples were found to be 19026 and 18803.30 mg/kg in the Secha and Karat leaf samples, respectively (Table 3) . Ca concentration was greater in the leaf samples of the Secha. From the statistical F-test, there was no significant differences (P > 0.05) in Ca concentration were observed among the leaf samples analyzed.
Concentration of manganese was found to be 72.37 and 76.77 mg/kg in the Secha and Karat leaf samples, respectively (Table 3) . Mn concentration was greater in the leaf samples of the Karat. There was no Significant difference (P > 0.05) in concentrations of Mn were found between the leaf samples from the results of statistical Ftest.
Both Mn concentrations were below the tolerable limit of 500 mg/kg, dry weight (Council of Europe, 2002) . The critical concentration of Mn is 300 to 500 ppm dry weight and the estimated safe and adequate daily dietary intake in adults is 11 mg/day (Khan et al., 2008) .
Zinc, analyzed in the M. oliefera leaf samples was 31.87 and 21.3 mg /kg in the case of Secha and Karat, respectively (Table 3 ). The statistical F-test showed no significant variation (p > 0.05) between the tested leaf samples. The amounts of Zn were below the US Recommended Daily Allowance (RDA) which is 15 mg/day for males and 12 mg/day for females and estimated maximum intake of 77 mg/day.
Iron was determined in the M. oliefera leaf samples and was found to be 81.60 and 81.37 mg/kg in leaf samples of Secha and Karat, respectively (Table 3 ). The statistical F-test showed no significant variation (p>0.05) between the tested leaf samples. Iron is an essential micronutrient required for human growth and development. The results showed that the Moringa leaves can be a good source of iron. The values are in accordance to recommended daily allowance of iron 100 to 130 mg/kg for children; 70 mg/kg for men and 120 to 160 mg/kg for women and feeding mothers (Ijarotimi et al., 2013) .
Concentrations of copper in M. oliefera leaf samples were found to be 5.10 and 3.90 mg/kg in the Secha and karat sites, respectively (Table 3 ). The greater concentration of Cu was found in leaf samples of Secha site. Both concentrations were below the maximum permissible limit of 40 mg/kg dry weight (FAO/WHO, 1995) . Therefore, the plant has no risk. From the statistical F-test, significant differences (P<0.05) in Cu concentration were observed among the leaf samples analyzed.
Metals levels in the M. stenopetala leaf samples from Sikela and Gato
The mean potassium concentration in the M. stenopetala leaves samples were found to be 12247 and 14047 mg/kg for Sikela and Gato, respectively (Table 3 ).There were significant differences at (P<0.05) among the mean concentrations of K metal in the leaf samples. These differences could probably be the result of plant nutrition, climate and soil conditions (Hamurcu et al., 2010) .
The sodium concentration of the M. stenopetala leaf samples analyzed were 1293 and 1298 mg/kg for Sikela and Gato, respectively (Table 3) . F-test showed that there were no significant differences at (P>0.05) among the mean concentrations of Na metal in the leaf samples.
Magnesium concentrations in the leaf samples were found to be 4550 and 4500 mg/kg in Sikela and Gato, respectively (Table 3) . This was greater in the leaf samples of the Sikela site. There were no significant difference (P >0.05) in concentration of Mg between the Mikore and Mulugeta 815 leaf samples. The average concentrations of calcium in the M. stenopetala leaf samples were found to be 18341.70 and 18230 mg/kg in the Sikela and Gato, respectively (Table  3) . Ca concentration was greater in the leaf samples of the Sikela site. From the statistical F-test, there were no significant differences (P > 0.05) in Ca concentration were observed among the leaf samples analyzed. High concentration of Ca is important because of its role in bones, teeth, muscles system and heart functions. The present study show satisfactory level of Ca accumulation as in earlier reports Moringa leaf samples (Abdul et al., 2012) .
Concentrations of manganese in the M. stenopetala leaf samples of were found to be 86.13 and 87.53 mg /kg in the Sikela and Gato, respectively ( (Jabeen et al., 2010) . The concentration of M. stenopetala under the present study is in the range of 10 to 1800 ppm, indicating that all the concentration of Mn in the plants studied is around the normal range.
Zinc, analyzed in the M. stenopetala leaf samples were found to be 57.63 and 27.90 mg/kg in the case of Sikela and Gato, respectively (Table 3) . Zn concentration was greater in the leaf samples of the Sikela site. The statistical F-test showed significant variation (p < 0.05) between the tested leaf samples. The permissible limit set by FAO/WHO in edible plants was 27.4 ppm.
According to Jabeen et al. (2010) , the range of Zn in agricultural products should be between 15 to 200 mg/kg. Iron was determined in the M. stenopetala leaf samples and were found to be 80.03 and 82.30 mg/kg in leaf samples of Sikela and Gato, respectively (Table 3) . Zn concentration was greater in the leaf samples of the Gato site. The statistical F-test showed no significant variation (p > 0.05) between the tested leaf samples. (Jabeen et al., 2010) . The concentration of Fe in the M. Stenopetala is around the normal range for the element when compared with the medicinal herbs of Egypt.
Concentrations of Copper in M. stenopetala leaf samples were found to be 3.43 and 4.13 mg/kg in the Sikela and Gato, respectively (Table 3 ). The greater concentration of Cu was found in leaf samples of Gato site. Both concentrations were below the maximum , 1995) . From the statistical F-test, significant differences (P < 0.05) in Cu concentration were observed among the leaf samples analyzed. The permissible limit set by FAO /WHO for edible plants was 3.00 ppm (Jabeen et al., 2010) . For medicinal herbs the WHO (FAO/WHO, 1984) limit has not yet been established for copper. In medicinal plants the permissible limit of copper set by China and Singapore were 20 and 150 ppm, respectively. The metal concentration of M. stenopetala was found to have below permissible limits of copper set by China and Singapore.
pH of soil samples
The mean pH values of soils from Secha and Karat
The mean pH values of the soils where M. oliefera was planted ranges between 7.86±0.10 and 8.16±0.17 (Table  4 ). Higher pH was recorded for the Karat soil sample (8.16±0.17) and lower pH for Secha soil sample (7.86±0.10). The analysis of variance showed that there was no significant difference in pH (P>0.05). The pH of the soil from both sites, where M. oliefera planted was within the slightly alkaline range of the pH scale. This was in line with the findings of Anjorin et al. (2010) on the soil survey of Abuja.
The mean pH values of the soils where M. stenopetala was planted ranges between 8.11±0.11 and 8.29±0.07 (Table 4 ). Higher pH was recorded for the Gato soil sample (8.29±0.07) and lower pH for the Sikela soil sample (8.11±0.11). The analysis of variance showed that there was no significant difference in pH (P>0.05). The pH of the soils from both sites, where M. stenopetala planted was within the slightly alkaline range of the pH scale. This was in line with the findings of Anjorin et al. (2010) on the soil survey of Abuja.
Elemental compositions of soils
Metals levels in the soil samples from Secha and Karat
As shown in the Table 5 , the mean concentrations of K, Na, Mg, Ca, Mn, Zn, Fe and Cu were 3523, 1980, 3606.70, 17210, 84.53, 36.57, 20 .27 and 1.27 mg/kg, respectively in the Secha soil samples ; and 1540, 1623.30, 3533.30, 17633.30, 11.0, 68.27, 14 .40 and 0.83 mg/kg, respectively in the Karat soil samples. The concentrations of all metals were greater in the Secha soil samples except that of Ca and Zn which was greater in the Karat soil samples. F-test showed significant differences (P<0.05) among the analyzed soil samples for the mean concentrations of all metals in except Mg, Ca and Zn. These differences could probably be the result of climate and soil conditions (Hamurcu et al., 2010) .
Metals levels in the soil samples from Sikela and Gato
As shown in the Table 5 , the mean concentrations of K, Na, Mg, Ca, Mn, Zn, Fe and Cu were 3343.30, 2776.70, 4253.30, 17513.30, 5.33, 74.23, 21 .0 and 1.03 mg/kg, respectively in the Sikela soil samples; and 2930, 1773.30, 4463.30, 17340, 29.67, 77.87, 65.67 and 10.23 mg/kg respectively in the Gato soil samples. The concentrations of all metals were lower in the Sikela soil samples except that of K, Na and Ca which was lower in the Gato soil samples. F-test showed no significant differences (p >0.05) among the analyzed soil samples for the mean concentrations of all metals except Na, Mn and Fe. These differences could probably be the result of climate and soil conditions (Hamurcu et al., 2010) .
Conclusion
The data derived from proximate and mineral composition of M. oleifera and M. stenopetala leaves collected from two different agro-ecological zones indicated that the plant leaves are rich in nutrients and has potential to be used as a feed additive for human and animal. These include serving as a protein, fats, fiber, carbohydrate and mineral resource feed formulations. There was no as such significant difference in nutritional composition of the two Moringa species grown in the two agro-ecological zones. It is recommended that further investigations on vitamin, amino acid profiles and antinutritional factors of fresh Moringa leaves be carried.
